Abstract: Bis(pinacolato)diboron (1) added to alkenes (2), such as 1-decene, styrene, and cyclopentene, in the presence of a catalytic amount of Pt(dba)2 at 50｡C in toluene to provide the corresponding bis(boryl)alkanes (3) in 76-86% yields.
organoboron compounds. We have recently found that the addition reaction of bis(pinacolato)diboron (1) to both terminal and internal alkynes is effectively catalysed by platinum(0) complexes to provide a new access to isomerically pure cis-bis(boryl)alkenes.4,5 Following our preliminary communication had appeared, a similar reaction of alkenes with bis(catecholato)diboron was reported by Baker, Marder, Westcott, and their co-workers using Rhodium(I) or Gold(I) catalyst.6 However, the practical use of the method is severely limited due to the low catalytic activity of the complexes or the formation of side products arising from b-hydride elimination. In the course of our study directed toward the catalytic diboration of unsaturated compounds, we attempted to apply the platinum(0) catalyst system for the diboration of alkene (2) with 1 and found that the addition was efficiently proceeded in the presence of a phosphine-free platinum(0) catalyst, Pt(dba)2, to give the corresponding bis(boryl)alkanes (3) in high yields.
Our initial studies were carried out using Pt ( Cyclopentene 2d (1.5 equiv) and norbornene 2e (3.0 equiv) successfully underwent the reaction to produce the bis(boryl)alkanes 3d and 3e in 85% yield while all attempts at the reaction with 4-octene, stilbene, cyclohexene, and 2-methylpropene were failed, indicating that the reactivity difference between these may be attributed to both the steric hindrance and the internal strain energy of 2. The cis addition of 1 to 2 was immediately established by 1H NMR spectra of 3e, which exhibited only one methyl singlet at 1.24 ppm. Since electrophilic addition to 2e generally proceed by attack of the exo face, syn-exo-2,3-bicyclo[2.2.1]heptane is the most likely product.
insert Table 1 Although we have not yet conducted mechanistic studies, the present diboration of alkenes may proceed through the catalytic cycle as similar to the reaction with alkynes4,5,8,9 and 1,3-alkadienes,7 which involves (a) the oxidative addition of 1 to the platinum(0) complex giving bis(boryl)platinum(II) intermediate (4), (b) the insertion of 2 into the boron-platinum bond to form alkyl(boryl)platinum(II) species (5), and (c) the reductive elimination of 3 (Fig. 1) . A similar mechanism was also proposed for the palladium-catalysed addition of thioboranes1 and stannylboranes2 to alkynes.
insert Fig. 1 Recently, Baker9 and Smith10 independently reported that phosphine dissoiciation from 4 is a critical step in the alkyne diboration with phosphine-based platinum(0) catalyst. Thus, the high catalytic activity of Pt(dba)2 over Pt (PPh3)4 observed in the present reaction may be reasonably explained by a facile exchange between dibenzylideneacetone ligand and 2, which enhance the rate of the insertion step. In summary, we demonstrated that the phosphine-free platinum(0) complex, Pt(dba)2, effectively catalyzed the diboration of simple alkenes. Further investigation are in progress in an attempt to extend the reaction scope, to clarify the reaction mechanism, and to apply the method for organic synthesis. 2 (0.03 mmol), 1 (1.0 equiv), 2 (1.5 equiv), and toluene (6ml). b Isolated yields based on 1. c 3.0 equiv of 2 was used. 
